Studies of soil chronosequences on marine terraces facilitate the use of terraces for tectonic and paleoclimatic interpretation. However, many areas on the California coast have received substantial eolian deposits after pedogenesis began, so do not qualify as chronosequences. These areas are worthy of study because they are widespread coastal landscape features, and they enable us to interpret pedogenic and geomorphic processes in sandy regolith. The objective of this study was to use soil and deep regolith morphology and chemistry to interpret pedogenic and geomorphic evolution on a sequence of four marine terraces, San Luis Obispo County, California. The terraces are numbered I, 2, 3, and 4, from oldest to youngest. The eroded terrace platforms have been tentatively dated at 560, 420 or 480, 320, and 120 ka, respectively. The sand deposits on each platform may be considerably younger. The amount of land surface dissection and the depth of stream incision increase with increasing terrace age and elevation. Morphological features suggest that the soils (Xeropsamments on Terrace 4, Haploxerolls on Terrace 3) on the two youngest terraces are well drained, and their morphological development is typical of soils in eolian sand deposits. Morphological and chemical features of the basal regolith contrast with those of the soils. Clay, Fe oxides, and opaline silica were deposited by groundwater flow above the bedrock platform. Above the shoreline angle, where the deep regolith receives additional groundwater from higher terraces, redoximorphic features have developed. Gray mottles are larger, more common, and more distinct in the basal regolith of progres sively older terraces. Erosion has removed much of the overburden on Terraces 2 and I, and soils (Epiaquolls on Terrace 2, Epiaqualfs on Terrace I) have developed in what was once deep regolith. The landscape, soils, and deep regolith show an evolution of processes, whereby the path and direction of water movement through the regolith is controlled first by terrace morphology and stratigraphy, then by the development of pedogenic features in the soil and deep regolith, and by terrace dissection.
Introduction
Marine terraces are records of the interaction of worldwide sea level fluctuations, tectonic activity, and coastal erosion and sedimentation, throughout the late Quaternary. Terrace platforms are erosional features formed during sea level transgressions induced by melting of continental ice caps, and the platforms generally are covered by marine and nonmarine sediments (Kern, 1977) . The landform of a terrace platform with its overlying sediments is broad and bench-like, elongate parallel to the shoreline. In this paper, the term "terrace" refers to this bench-like landform (Bates and Jackson, 1984) .
Marine terraces have been used for evaluating tectonic movement (Bradley and Griggs, 1976; Kern, 1977; Lajoie, 1986; Bishop, 1991) and eustatic sea level changes (Birkeland, 1972; Muhs, 1983; Muhs, 1992) . To facilitate these uses, soils on sequences of marine terraces have been used as chronosequences, for relative dating and coastal terrace corre lation (Muhs, 1982; Merritts et aI., 1991; Bockheim et aI., 1992) and for studying rate and processes of geochemical and pedogenic changes (Aniku and Singer, 1990; Merritts et aI., 1991; Bockheim et aI., 1992) .
There are many areas on the California coast which do not meet the criteria for chron osequences. Numerous eolian sand deposits are found where headlands extend outward and intercept sand being transported south by littoral drift (Cooper, 1967; Orme and Tchakerian, 1986) (Fig. I ). These eolian deposits are not acceptable for chrono equence studies, because old sand deposits are easily redistributed by wind, and younger sands can be blown up onto and mixed in with older deposits. Both occurrences have a rejuvenating effect on soils. Also, the complex stratigraphy of onlapping sand deposits can be confusing, and may make even relative dating uncertain. Yet because of their common occurrence, eolian deposits are significant in the coastal geologic record. Extensive eolian sand deposits are also climatic records, being deposited inland during eustatic ea level low stands, when offshore sand deposits were exposed to sorting and distribution by wind (Muhs, 1983 (Muhs, . 1992 Orme and Tchakerian, 1986 ).
High stands of sea level cut platforms into Miocene siliceous shale on the central Cali fornia coast, north of Point Buchon (Fig. 2) . The platforms are overlain by thick beach and eolian sand deposits. Examination of soil profiles and stratigraphic sections through sedi ments on the youngest of these terraces showed substantial difference in morphology and chemistry of deep regolith and soils. Morphological and chemical features depend on the movement of water in the regolith (Moody and Graham, 1994 ) . In thi s paper, we relate soil and deep regolith evolution to changes in geomorphology and groundwater hydrology of the terrace sequence. In addition to having geologic and pedogenic significance, study of soil and lanliscape evolution is relevant to coastal erosion problems. Furthermore, inter pretations of water movement through sandy sediments are relevant to problems of envi ronmental contaminant transport, especially in light of il)creasing development pressure for residential, industrial, and agricultural uses in coastal areas.
Study area description
This study addressed eolian and beach sand deposits on a sequence of Pleistocene wavecut terraces, in the Point Buchon area, San Luis Obispo, California (Fig. I) . Winds have been dominantly from the northwest throughout the Quaternary (Cooper, 1967; Orme and Tchak erian, 1986) . Average annual precipitation is 460 mm per year, most of which occurs November through April. Average annual temperature is 15°C (Ernstrom, 1984) . Vegeta Cooper. 1967 ) . Stars show locations of chronosequence studies (from north to south, on mainland: Merritts et al. . 1991; Jenny. 1980; Aniku and Singer, 1990 : Channel Island studies by Muhs. 1982 Muhs. , 1992 . tion on the youngest terrace consists of shrubs, dominantly Morro manzanita (Arctosta phylos lI1orroensis Wiesl. and B. Schreiber) and buck brush (Ceanothus cuneatus Nutt.), and annual grasses. The next two terraces support annual grasses and shrubs, dominantly coyote brush (Baccharis pilularis DC.), California sagebrush (Artemesia californica Less.), and poison oak (Toxicodendron diL'ersilobum Torrey and A. Gray) . Vegetation on the oldest terrace consists mostly of the shrubs Morro manzanita and chamise (Adenostoma Jasciculatum Hook. and Am.).
Geologic setting
The study area is within the Pismo syncline structural province, a broad synclinorium with local faulting, especially high angle reverse and thrust faults (Hall et aI., 1979; Cleve land, 1978) . The Pismo syncline is bounded on the north by the Edna fault zone, which has a NW-SE trend, and passes offshore through the south end of Morro Bay, and on the south by the San Miguelito Fault, which also has a NW-SE trend, and passes offshore about 5 km south of Point Buchon (Fig. 2) . Cleveland (1978) identified and mapped four terraces in the Point Buchon area, and designated them by number, from Terrace I (the youngest, lowest emergent terrace) through Terrace 4 (the oldest). He mapped Terraces I and 2 south of Islay Creek, but to the north,
Edna Fault Zone
San Miguelito Fault zone---'_, -... _----10 km Fig. 2 . Geographic and tectonic setting of study area. The study area is cross-hatched.
he noted that these two terraces become indistinguishable, possibly due to varying rates of uplift from south to north, and he combined them into Terrace 1-2. Cleveland (1978) did not record the presence of the highe t terrace. In this paper, we reverse Cleveland's system, designating the oldest terrace as Terrace I , and the youngest as Terrace 4 (Table I ; Fig. 3 ).
Terrace morphology and stratigraphy
A cross section of a terrace such as in the Point Buchon area illustrates terrace morphology ( Fig. 4 ; terms for terrace morphology from Kern, 1977 ) . The shoreline angle is the inter Cleveland ( 1978) . bUsi ng Fig. 5 and the methods of Merritts and Bull ( 1989) . <using Fig. 5 . and assumi ng that major eolian deposition cannot occur on uplifting terraces greater than 90 m above sea level. section of the sea cliff and bedrock platform. Typically, a layer of littoral gravels and cobbles overlies the bedrock platform, and is in tum overlain by a thick sequence of beach and eolian sand deposits. The route of water movement shown in Fig. 4 was based on obser vations of seasonal springs exfiltrating at the seaward edges of Terraces 4, 3, and 2, and at portions of the shoreline angle of Terrace 3 which had been exposed by erosion. Water infiltrates through surface horizons and moves downward to the lower limit of the wetting front. When water percolates through the overburden to the basal sediments, a perched water table develops above the bedrock platform, and water moves seaward due to the slope of the bedrock platform (Moody and Graham, 1994) .
In order to study rates of pedogenic and geomorphic processes, it is necessary to know the ages of the terraces and their deposits. Terrace and sediment ages in this sequence are problematic, because of the lack of datable material and difficulty in correlating with terraces in different structural provinces. Cleveland ( 1978) estimated the age of the youngest terrace to be 80 to 105 ka, based on fossil evidence and local uplift rates, but without specifying the dating method used. We judged that this terrace most likely correlates with a major sea level high stand at 120 ka. Gravel and sand on the oldest terrace has been tentatively placed within the upper Orcutt Sand (Orme and Tchakerian, 1986) , which is late Pleistocene in age (Woodring and Bramlette, 1950) . A marine terrace platform is abraded by wave erosion during rising sea level , thus the shoreline angle represents the elevation of the sea level high stand. The elevation of Terrace 3 was measured where the shoreline angle was partially exposed by erosion of overlying sediments. We estimated the elevations of the buried (Muhs, 1992) and uplift history curves, showing correlation of sea level high stands with terrace bedrock platforms. using method of Merritts and Bull ( 1989) .
shoreline angles of Terraces 4, 2, and I. Using the 120 ka age for Terrace 4, we correlated the older terraces with major eustatic sea level high stands using the method of Merritts and Bull ( 1989) , and estimated terrace ages at about 320 ka for Terrace 3, 420 or 480 ka for Terrace 2, and 560 ka for Terrace I (Fig. 5) (Fig. 5 ). These terraces are now submerged because the sea level high stands that abraded them were lower than the present sea level high stand (at 0 m elevation, Fig. 5 ), and because there appears to have been no upl i ft in this study area for the past 120,000 years, as shown by the uplift history curves (Fig. 5) . Terrace ages reported here are estimates and other interpretations are possible, by using this sea level history curve, or by using any of several sea level curves in the recent literature (Matthews, 1990; Emery and Aubrey, 1991; Hallam, 1992 ). The ages of major eolian deposition must correspond to eustatic sea level low stands, during which offshore sands are exposed to sorti ng and distribution by wind (Muhs, 1983 (Muhs, , 1992 . Muhs (1983) dated a thick eolianite at between 12 and 27 ka, overlying marine terrace sediments dated at 80 ka on San Clemente Island , southern California. Near San Diego, an extensive sand deposit with textural lamellae was dated at 48 ka (Torrent et aI. , 1980) . The degree of pedogenic development (i.e., color, thickness, and clay content of lamellae) of the San Clemente and San Diego deposits is similar to an eolianite on Terrace 4 of this study, suggesting the sand deposits on Terrace 4 may be within the age range of these eoli anites , between 12 and 48 ka (Table I) . Fig. 5 shows that there are several sea level low stands, thus several possible episodes of eolian deposition , following each sea level high stand. Wind tunnel studies have shown that wind velocity on bluff tops at Lake Superior can be 1.7 times fasterthan on the upwind side of the bluffs (Marsh, 1990 ) . This provides carrying power sufficient to blow sand a con siderable vertical distance. Onshore winds from Lake Superior carry sand up to 90 m from the base of coastal bluffs to bluff tops (Marsh, 1990) .
In the Point Buchon area, eolian deposition may have continued as long as a sand source existed and until the terrace topographic surfaces were lifted to a considerable elevation. With tectonic uplift, the former shoreline not only has been removed vertically from the sand source, but also has moved inland, as the coastline progressively has shifted seaward by emergence of new lands, formerly submerged. If vegetative cover is sparse or absent, the surfaces of older sand deposits can be reworked by winds, even during sea level high stands when the source of new sand has been cut off. Active and recently active dunes line the top of the current coastal bluffs, and a marine shell fragment found in the upper 0.5 m of Terrace 4 was dated by 14C at 0.98 ±0.06 ka.
In summary, although the ages of the terrace platforms may be estimated, the ages of eolian and beach sand deposits on the terrace platforms are more in doubt, and can only be said to be younger than the terrace platforms. Estimates of terrace platform and sand deposit ages are summarized in Table I. 3. Methods
Field description and sampling
Auger borings on all terraces were used to determine locations for representative pedons, which were described and sampled in hand-excavated pits according to standard methods (Soil Survey Division Staff, 1993; Soil Conservation Service, 1984) , and classified accord ing to soil taxonomy (Soil Survey Staff, 1992 ). Deep regolith was described and sampled from natural exposures in stream cuts and gullies, sea cliffs, blowouts, and landslide scars, using standard stratigraphic descriptive techniques (Blatt et a!., 1980) , supplemented by soil descriptive methods. The sides of these exposures were excavated 0 .25 to I m to reveal fresh regolith material.
Laboratory analyses
Particle size distribution was determined by sieving and pipette after removal of organic matter by H 2 0 2 digestion (Gee and Bauder, 1986) . Selective dissolution techniques used to determine Fe, AI, and Si in the whole soil were sodium pyrophosphate (Fep and Alp) (Bascomb, 1968) , acid ammonium oxalate in the dark (Fe o , Alo, and Sio) (Jackson et a!. , 1986) , sodium citrate-bicarbonate-dithionite (Fed and AId) (Jackson et aI., 1986) , and Tiron (SiT) (Kodama and Ross, 1991) . Iron, AI, and Si were determined by atomic absorption spectrophotometry and calculated on a soil dry weight basis. The pH of soil and regolith material was determined in a 1: 1 soil:water paste (McLean, 1982) . Micromor phology of selected pedogenic features from undisturbed samples was described using polarized light microscopy . Descriptive terminology follows Brewer (1976) . Radiocarbon dates on charcoal and marine' shell fragments were obtained using accelerator mass spec trometry.
Results and discussion

Parent material
Modern beach and eolian deposits are stratified, well-sorted fine sands, containing less than I % clay and silt, with 2.5Y 4/4 to I OYR 4/4 moist colors. From petrographic analyses, mafic minerals (amphibole, pyroxene, serpentine, and chlorite), and < 2% accessory min erals. Accessory minerals include micas, magnetite, chromite, gamet, and calcium carbonate shell fragments .
Landscape development
The surface of the youngest emergent terrace, Terrace 4, is a complex of Holocene depositional and erosional surfaces. The surface has been shaped by wind into dunes and blowouts, and by water carving gullies into the surface. Most gullies follow an E-W trend , as do the major streams. Blowouts are roughly circular, shallow (generally < 2 m) depres sions in unconsolidated Holocene sands that blanket the surface of Terrace 4, sometimes with sand piled on the downwind side of the blowout scar. Soils on blowout floors are often noticeably redder than soils at the edges, suggesting that the depth of the blowouts may be controlled by the depths ofBw horizons in the Holocene soi l, where sand grains are coated and weakly cemented by Fe oxides (Pedon CCT -1, Table 2 ) . Most active dunes are parabolic. Some coppice dunes have formed where vegetation has trapped blowing and.
Terrace 3 is narrower than the other terraces (Fig. 3) . The particle size distribution, in which the modal sand size is fine sand (0.106 to 0.25 mm diameter; data not shown) suggests the Terrace 3 sand deposits were eolian in origin (Blatt et aI., 1980) . If it is assumed that these sands were deposited as dunes, as on Terrace 4, then dune morphology has been completely subdued on the Terrace 3 surface. Surfaces are flat to lightly undu lating, and appear to be erosional, sometimes capped with Holocene sand deposits. Stream incision is substantial in the dissection of Terrace 3. Gullies are deeply incised, some deeply enough to intersect the basal regolith.
The topographic surfaces of Terrace 2 remnants slope gently seaward and toward streams, but terrace remnants still retain much of the bench-like form. Approximately 20% of the terrace surface is covered with Fe oxide-enriched nodules. Horizons between 0 and 0.9 m depth contain up to 25 % nodules. Nodules such as these form at the depth of a seasonally fluctuating water table (Nahon, 1991; Rhoton et a!., 1991) . The concentration ofconcretions at the surface and in shallow horizons is evidence that sand-sized and finer material has been removed from the terrace by erosion, leaving the concretions as a lag deposit (Rhoton et a!., 1991) . Thus, the topographic surface of Terrace 2 is an erosional surface, and substantial material appears to have been removed by erosion.
Terrace I is highly dissected (Fig. 3) . The remnants retain no bench-like surface mor phology, and are recognizable as terraces chiefly by the stratigraphic sequence of sediments overlying the bedrock platform. About 40 to 80% of the surface of Terrace 1 is covered with nodules. Horizons above 0.77 m depth contain up to 70% nodules by weight. This suggests that erosion has removed even more regolith from Terrace I than Terrace 2.
Terraces 4 and 3
Soil morphology and chemistry
Early stages of soil formation, as shown by the Holocene soil at the surface of Terrace 4, result in darkened A horizons, slightly brighter chromas in the subsurface Bw horizons due to Fe oxide coatings on sand grains, and the development of thin ( .:s; 4 mm), wavy, discon tinuous, reddened lamellae (Pedon CCT-I, Table 2 ). The textural class of all horizons is fine sand, and is little altered from the parent material. The incipient Holocene lamellae contain slightly more clay, Fe o , and Fed than the interlamellar matrix (Pedon CCT -1, Tables  2 and 3 ). The Holocene lamellae appear to be an early stage of lamellae development. Their depth of occurrence appears to be determined by the depth of the wetting front (Moody and Graham, 1994) . Profiles consisting of A-Bw-Bt horizons with lamellae commonly occur in young, well-drained sandy soils, having been reported in New York (Dijkerman et aI., 1967) , western Indiana (Miles and Franzmeier, 1981) and New Zealand (Kemp and McIntosh, 1989) .
Most morphological and chemical features reach a greater stage of development in the Terrace 3 soil compared to the Terrace 4 soil (pedons CCT -1 and BNT -6, Tables 2 and 3) . Three characteristics, representative of these trends, were chosen for graphical display: % Clay, Fed, and SiT (Fig. 6a, b) . The increases in clay content and Fed with increasing soil age agree with other studies of similar soils (e.g., Miles and Franzmeier, 1981) . In addition, total A horizon thickness and lamellae development are greater in the Terrace 3 soil than the Terrace 4 soil ( Table 2) . Ratios of Feo:Fe d are generally lower in the soil developed in the older sediment (Table 3 ). This trend also agrees with other soil studies (e.g., Alexander, 1974) .
Deep regolith morphology and chemistry
Soils formed in Holocene deposits at the surface of Terrace 4 are immediately underlain by thick, buried deposits of Pleistocene eolianites, which appear to be relicts of soils formed in sand deposits during the Pleistocene (Moody and Graham, 1994) . Morphologic and chemical features of these eolianites suggest that they are mostly isolated from pre ent-day pedogenic processes (Moody and Graham, 1994) . The basal sandy regolith of Terrace 4 contains as much clay and Fed as the oil, and more SiT than the soil (Table 4 , Fig. 6a ) . The basal unit (POB-6, Table 5) al 0 contain at least as much Fe p as the soil. These materials are concentrated into reddened mottle, in a morphologically unaltered matrix. Micromorphologic examination of sample from both sites within the basal regolith showed that most clay and Fe oxides are illuvial in origin. However, the presence of weathered mafic grains, and ferrans with flecked orientation how that some Fe oxides are authigenic. Ratios of Feo: Fe d in the basal unit (Table 5) are variable, but are generally the ratios in the Holocene soil. These data uggest that the ba al unit is a intensely weathered as the soil, and that the basal unit is receiving clay, organo-metallic complexes, and Fe oxides by iIluviation, and opaline silica by precipitation from fluids percolating through the basal sediments. Pedogenic-type processes eem to be a active in the basal regolith as in the soil.
The basal unit above the shoreline angle of Terrace 4 has a very high content of cry talline Fe oxides in the yellowish brown matrix, and low ratios of Feo:Fe d ( HCT -\, Table 4 ). The pH of HCT-I material is much lower than elsewhere in Terrace 4 ediment, presumably due to more intense weathering of aluminosilicates. This unit of the regolith in Terrace 4 is morphologically more developed and chemically more altered than the soil and eaward 
HCT-I , late Pleistocene basal unit, above the shoreline angle, Terrace 4
Overburden at 0 to 6.9 m depth 6.9-8.8" 10YR 4 / 6 81.6 7.6 10.8 0. basal unit of Terrace 4, and is even more chemically altered than the soil on Terrace 3. Two factors may influence this condition. First, sediment may have been eroded from the older terrace toe, and deposited at the shoreline angle during coastal erosion, as can be observed occurring at the modern sea cliff. Perhaps more importantly, the stratigraphic position of this unit makes it the recipient of groundwater flowing along the bedrock of the former sea cliff and the shoreline angle (shown in Fig. 4 , and described more completely by Moody and Graham, 1994) . By the latter interpretation, the regolith at this position is more weathered due to increased wetness, and is subject to more illuviation of fines from overlying sediments and from older terrace sediments. Micromorphologic examination of regolith samples from the seaward edge of the basal unit showed that simple packing voids between sand grains are partially filled with clay sized material. Above the shoreline angle, more of this pore space is filled, due to intense weathering and illuviation, as suggested above. As simple packing voids progressively fill with clay-sized material, water flowing through the matrix must seek cracks and channels as paths of preferential flow . During the rainy season, sand contiguous with cracks and channels becomes saturated with water. Iron adjacent to these saturated zones is reduced by microbial activity and solubilized. The Fe in solution can diffuse into ped interiors which contain entrained oxygen in small pores, and reprecipitate, or can be carried away in solution in groundwater. In this way, the basal unit develops redoximorphic features consisting of gray, Fe-depleted mottles around cracks and channels, within an Fe-rich matrix (Vepraskas, 1992) . Pedogenesis within the basal regolith probably began immediately following emer gence of Terrace 4. Data used to assemble Fig. 5 and Table 1 suggest these features may have began forming between 120 and 48 ka. Overall, the deep regolith of Terrace 3 contains substantially more clay and SiT, and slightly more Fed, than the corresponding basal unit of Terrace 4 (Fig. 6b) . The basal unit of Terrace 3 has more developed redoximorphic features, even at the eaward edge, than Terrace 4 deep regolith: gray mottles are as much as 6 cm in diameter (compared to 1 cm in stratigraphic section HCT -1) , and the mottles are more prominent. The matrix of the Terrace 3 deep regolith contains more clay and silt than the basal unit of Terrace 4. Gray mottles are contiguous with fractures and contain more clay than the yellowish brown matrix, due to medium thick clay films lining many of the fractures (NSC-3, Table 4 ). Microscopic examination of thin sections from the matrix showed ferriargillans with strong continuous orientation, nearly filling packing voids and channels. Some yellowish brown ferrans have flecked orientation, and these Fe oxides are probably authigenic. Gray argillans in the Fe-depleted mottles have strong, continuous orientation, and nearly fill simple packing voids, planar voids, and channels. Sand deposits from above the shoreline angle position of Terrace 3 (samples NSC-3A, Table 5 ) show chemical trends similar to those exhibited by the equivalent stratigraphic position of Terrace 4: the brown matrix contains more Fed and Aid than the basal unit at the seaward edge.
Terraces 2 and 1
Soil morphology and chemistry
As discussed earlier, the Terrace 2 soil contains numerous Fe oxide nodules above about 1.5 m depth (Pedon BNT-5, Table 6 ). The soil contains less to slightly more clay, Fed, and SiT (excepting nodules) than the Terrace 3 soi l and deep regolith (Fig. 6c) . The Terrace I soil (pedon SHC-I , Table 6 ) has a thinner A horizon than the Terrace 2 soil, and a weakly developed E horizon, which the Terrace 2 soil lacks. The soil contains Fe oxide nodules to about 0.8 m depth. Compared to the Terrace 2 soil, the matrix of the upper profile in the Terrace 1 soil (Fig. 6d) contains substantially more clay, less (A + E horizons) to slightly more (B horizons) Fed, and substantially less (A +E horizons) to slightly more ( B horizons) SiT' Deep horizons, below the nodules, contain substantially more clay, Fed' and SiT than corresponding horizons in the Terrace 2 soil (Fig. 6d) .
Nodules in both the Terrace 2 and Terrace 1 soils contain much more clay (about 28%, estimated from point counts of thin sections and converted to weight percent), more Fed, and more SiT, than the soil matrix (Table 7 and Fig. 6c, d) . The nodules are relict features, having formed in response to a fluctuating water table (Nahon, 1991; Rhoton et aI., 1991) . It appears that the process of nodule formation has concentrated Fe oxides, allophanic material, and opaline silica into the sandy matrix of these roughJy spherical bodies. After this segregation occurred, and upon exposure of the nodular horizons to near surface processes, noncemented clay and products of subsequent weathering were remove~ from the matrix of the upper horizons by eluviation. The progressive loss of Fe, AI, and SI from the upper horizons, even resulting in a weakly developed E horizon in the Terrace 1 soil, represents an advanced stage of weathering in soils in this terrace sequence.
Iron-depleted mottles and concentrations of Fe oxides and other substances deep in the soils of Terraces 2 and I resemble the basal sandy regolith more than the soils of the younger two terraces. Progressive erosion of soils and regolith from the surfaces of terrace deposits has resulted in soil morphological features -A horizons and, in the Terrace 1 soil, an E horizon -superimposed over what was once deep regolith.
s. Interpretation of processes
This sequence of sand deposits on marine terraces has allowed us to examine changes in pedogenic processes related to stratigraphy, landscape development, and groundwater movement. Eolian deposition of new material and redistribution of the surface sand deposits by wind and water occur at terrace surfaces. Early in terrace history, erosion and redeposition result in a complex topographic surface (Fig. 7a) . Water movement at the surface is downward in the well-drained soils which develop at the surface of thick, permeable sand deposits. Soils which develop in young sand deposits have darkened A horizons, brighter or slightly redder Bw horizons, and weathering products concentrated in lamellae via downward illuviation. Lamellae are slightly more cohesive than the interlamellar matrix, but the soils and regolith are easily eroded by wind and water.
At depth, water movement depends on the stratigraphic sequence of deposits overlying the terrace platform. A seasonal, perched water table develops in the regolith above the bedrock platform. Groundwater is transmitted through packing voids between sand grains, and between coarser particles in the basal gravels, and the flow moves generally in a seaward direction due to the gentle seaward slope of the terrace platform (Fig. 7a) . Colloids and solutes carried in groundwater are deposited in packing voids, gradually filling them. As packing voids are filled, water must seek cracks and channels to serve as preferential flow paths. In this way, pedogenic features begin to affect the paths of water movement. Under saturated conditions and in the presence of organic matter and microorganisms, redoxi morphic features develop, consisting of gray mottles around cracks and channels, in a yellowish brown matrix. In the Terrace 4 regolith, redoximorphic features have formed only above the shoreline angle.
Erosion by wind and runoff causes planation of the Terrace 3 (Fig. 7b ) topographic surface between streams and gullies, completely subduing dune morphology. With increased time of soil development, compared to Terrace 4, lamellae have become thicker, more clayey, and redder. Stream incision has changed internal drainage patterns, causing ground water to flow not only seaward, but also toward stream banks (Fig. 7b) . Groundwater continues to ~arry s~lutes and suspended colloids, some of which are deposited in pore space. Redoxlmorphlc features continue to develop in deep regolith, and argillans form in cracks and channels within gray mottles, as clays are deposited on the edges of these flow path .
On Terrace 2 ( Fi g. 7c), with a greater degree of erosion and soil and regolith development, Fe oxide enri ched nodules have deve loped at the depth of the fluctuating water table, through a process of chemi ca l self organization. Stream incision has deepened and the level of the ea onal water table has dropped . Removal of soft and friable regolith material from the urface, through wind eros ion and runoff has resulted in a gradual lowering of the topo graphic urface and a surfi cial lag deposit of concretions. At depth, groundwater flow toward terrace edge continue (Fig . 7c) , and redoximorphic features continue to develop.
On Terrace I , sa nd deposits have been highly eroded, and marine terrace landform morphology i largely ob literated ( Fi g. 7d) . As the altered deep regolith is exposed by ero ion of the overburden, soil forming processes have begun to imprint new morphologic feature over the relict deep regolith morphology. The A horizon is thinner than in the Terrace 2 oi l, and an E ho rizon has developed. Redoximorphic features continue to develop, and are very prominent in the sandy so il above the littoral gravels and bedrock platform.
Each oil/deep regolith profi le in thi s sequence of marine terraces represents a "snap hot" in a continuum of chang ing pedogenic-geomorphic-hydrologic conditions. The interrelation hip of terrace stratigraphy, geomorphology, hydrology, and pedology can be vi ualized a a erie of feedback mechani sms. Early in terrace history , terrace morphology and tratigraphy control the path and direction of subsurface water movement. In tum, water movement through terrace sediments determines the emplacement of clays and Fe oxides. Later, plugging of packing voids forces water to seek macropores as flow paths, and ... redoximorphic features develop. Stream incision changes the direction of subsurface water movement, which further affects pedogenesis. The use of morphological and chemical feature to interpret pedogenic processes related to hydrology is an adjunct to studies of chrono equences of soi ls o n marin e terraces. Study of the geomorphic and pedogenic evolution of marine terraces helps understanding of water, solute, and contaminant move ment through andy regolith, and eros ion proce ses in coastal environments.
